In the growing season 2001 changes were studied in the diameter increment of selected sample trees of silver fir and beech in a mixed stand using mechanical girth dendrometers. Within the selected set of trees individual differences were determined both in the dynamics of increment and in its total magnitude. The differences are evident not only between tree species but also within particular species in trees of the same diameter. On the basis of the results of a detailed study of diameter increment dynamics in the course of a year using a non-destructive method by means of mechanical dendrometers and measurements of particular components of microclimate individual growth responses of trees to selected external factors were determined.
At present, an issue is often discussed concerning expected climatic changes that could markedly affect the species composition of forest stands particularly in lower vegetation zones. In this context, a number of papers was published often with very different views on potential responses of tree species to the expected climatic change. According to CHALUPA (1992) , an expected increase in temperature land changes in the amount and distribution of precipitation will exert considerable effects on the composition of forest ecosystems and on the distribution and composition of forest tree species in the region of the Czech Republic. MINĎÁŠ and ŠKVARENINA (1994) mentioned the following probable consequences of expected climatic changes for the species composition of forest ecosystems: -the most available species threatened by climatic changes would probably be silver fir and Norway spruce primarily at the lower limit of their distribution and outside their natural range; -under unimproved health conditions of montane and alpine spruce forests it is possible to expect a certain expansion of beech into these locations; -even with respect to the expected shift of beech to higher locations beech will play an important role also in lower forest vegetation zones.
One of the possibilities of the study of growth responses of particular trees to external climatic changes is a detailed monitoring of changes in tree diameter in the course of the growing season. Based on the results it is possible to estimate the future potential growth response of trees to expected climatic changes. With respect to easy measurements, monitoring of the dynamics of diameter increment at breast height is used most frequently although at present projects are also under way where attention is paid to changes in diameter at various heights of the tree (VOGEL et al. 1996) . The basic principle of measurements by means of special devices with a registration equipment was described e.g. by FRITTS (1976) or ŠMELKO et al. (1992) . Dynamics of diameter increment in the course of a year and changes in tree diameter in the course of a day in relation to physiology in forest stands were recently dealt with by a number of authors (OFFENTHALER et al. 2001; DOWNES et al. 1999; JEŽÍK, VOŠKO 2002; ZWEIFEL et al. 2000; TATARINOV, ČERMÁK 1999) . Studies dealing with changes in tree stem diameter under controlled climatic conditions (e.g. HÄBERLE et al. 1995) are also of great importance. At the present time, special devices, so called dendrometers are used for non-destructive monitoring of changes in tree diameter. There are two basic types of dendrometers, viz. point and girth ones (ĎURSKÝ, MOZOĽOVÁ 2001; NEUMANN 1996; KEELAND, SHA-RITZ 1997; PESONEN, MIELIKÄINEN 1995) . On the basis of the analysis of the effect of external factors diameter increment is particularly influenced by the sociological position of a tree, density, amount of throughfall, soil depth, moisture and physical properties (VOŠKO, JEŽÍK 1995) . The magnitude of the diameter increment of trees during the growth is decisively affected by climatic factors the relationship being site-specific (ĎURSKÝ 1994 The objective of the paper is a preliminary evaluation of the diameter increment of two main species, viz. silver fir and beech primarily in relation to various diameters of selected sample trees with respect to the effect of main climatic factors in the growing season 2001.
MATERIAL AND METHODS
Research was carried out in Stand 123C 7 which originated by the natural regeneration of silver fir after 1920 within a short period of 5-10 years. In 1960, when the stand was aged 39 years, Department of Silviculture of the Faculty of Forestry in Mendel University of Agriculture and Forestry Brno established permanent thinning plots there according to a traditional layout. The total area of the stand is 10.84 ha. The stand is situated on a plateau slightly sloping towards NE at an altitude of 460 m (coordinates 49°19´25´´N and 16°40´11´´E). On the Brno effusive rock (granite), soils of illimerized podzol types were formed. From the viewpoint of forest typology, the stand was ranked among forest type 3S6, i.e. oak/beech communities of Luzula type with Carex digitata. In the present species composition, silver fir and beech show a dominant position, other species being European larch, Norway spruce, oak, interspersed species such as hornbeam, birch, goat willow, rowan and aspen. Remnants of the original stand remained in the stand as reserved trees (particularly Scots pine and European larch).
Prior to the beginning of the growing season 2001, mechanical dendrometers (EMS Brno) were installed on selected trees in the stand so that main diameter classes particularly in silver fir and beech would be uniformly represented. In addition to the main species dendrometers were also placed on selected reserved trees of spruce, larch and pine. The dendrometers were installed on 115 trees at a height of 1.3 m above the ground and on 6 sample trees in the close proximity of a measuring tower at other heights (5.3, 9.3, 13.3 and 17.3 m) . The dendrometer belongs to the group of self-supporting instruments that eliminate drawbacks of some dendrometers referring to their attachment on trees by means of screws. Unfavourable responses of some trees to the attachment resulting in the formation of occlusions were described e.g. by ĎURSKÝ and MOZOĽOVÁ (2001) . Values of the changing tree girth were read by ocular estimation to the nearest 0.1 mm. Reading the dendrometer data was carried out throughout the growing season in regular weekly intervals. In the paper, dynamics of silver fir (49 trees) and beech (42 trees) was evaluated only in 2001.
For the purpose of evaluation, all silver fir and beech trees with installed dendrometers were classified in 4-centimetre diameter classes. Average data on the course of diameter increment were calculated for the classes. From the whole set of studied trees three silver firs and beeches were always selected from diameter classes of 14, 30 and 50 cm for detailed evaluations. The classes were selected with respect to the distribution of sample tree frequency according to diameters and at the same time they characterize different social position of trees in the stand.
Weekly values of the girth increment of particular trees at breast height (b.h.) were determined as a difference in the girth of two successive readings and subsequently converted to diameter increment in cm. In assessment the values of current increment are always given for one week.
In the stand under investigation, automatic measurements of climatic parameters (air and soil temperature, In order to determine the existence of a relationship between the magnitude of increment and selected climatic factors in particular weeks of the 2001 growing season correlations were calculated between the current weekly diameter increment of all fir and beech trees at b.h. and precipitation totals and mean temperatures. Resultant Pearson's correlation coefficients which are defined as the covariance of two samples divided by the product of their standard deviations were depicted in diagrams in relation to the diameter of particular trees. The significance level was calculated on the basis of Student's t-distribution. Numbers of statistically significant correlations (at a significance level α = 0.05) between increment and climatic factors are commented in the text.
RESULTS

The course of climatic factors in 2001
The course of mean daily temperatures and daily precipitation totals in 2001 is depicted in Fig. 1 . In 2001, the total precipitation amounted to 644.1 mm at 162 pre-cipitation days. The distribution of precipitation in the course of the year was favourable. In addition to markedly below-average months of January, February, October, November and December also May with 10 precipitation days was a below-average month (47.8 mm). In other months, precipitation ranged about normal. Precipitation was markedly above-average at the turn of summer and autumn in July and September (as much as 131 mm) or also in August (86 mm). The value of Lang precipitation factor (92.6) is the second highest within the last ten years after 1997 whereas in other years the factor ranged mostly about the value of 55. Based on the Lang precipitation factor calculated for particular months of the growing season September (13.0) and July (6.7) were most favourable as for humidity.
Mean annual temperature in 2001 reached the value of 7.0°C ( Fig. 1) . Mean monthly temperatures in the course of the year were rather lower than in the period 1976 to 2000. Monthly temperatures in March, July and August were slightly below-average being markedly below-aver- o. can 10 cm age in April, June, September, November and December. July (17.7°C) and August (17.8°C) were the warmest months, the coolest month being December (-5.8°C). The highest temperature of 32.7 o C was recorded on 15 July and the lowest one on 13 December (-17.5°C). The first value of an effective temperature (t > 10°C) calculated from daily data (Degree day -DD) was found to be 3.4 whereas the value calculated from hour data (Degree hours -DH) was already 11.3. The values of sums of effective temperatures (SET) in hour degrees (DH) were reached on the following days: SET 10°C 12 March, SET 50°C 1 April, SET 100°C 3 April, SET 1,000°C 2 May and SET 2,000°C 11 May.
In the growing season 2001, a typical course (Fig. 2 ) of the soil water potential (Ψ soil ) was found at studied depths (10 and 30 cm) in all variants (silver fir, beech and open canopy). From the initial condition of the sufficient soil water supply under full field moisture capacity the value of soil water potential was kept on a favourable level thanks to frequent precipitation. If the supply of water into soil through precipitation was lower, the value of Ψ soil gradually exponentially increased due to the effect of evaporation and water consumption by plants (or runoff). If the period without precipitation was longer in some cases (depth or variant of position), Ψ soil values > 1.3 MPa were reached which resulted in the total inaccessibility of water from soil in the place of measurement. The increasing trend of soil water potential or the continuing period of a wilting point were stopped (Ψ soil value rapidly decreased) if precipitation in the open area also got under the stand in sufficient amounts supplying thus water reserves in the soil.
In the segment with open canopy, the values of soil water potential (Ψ soil ) were in limits of full field moisture capacity in the course of the whole growing season 2001.
The highest values of the potential were reached in midJuly (17. 7.). At a depth of 30 cm below the soil surface, the value of -0.07 MPa was reached. It is possible to conclude that within this segment soil water was easily accessible for trees.
From the beginning of July, the availability of water decreased gradually to the value of -1.3 MPa in the segment below silver fir expressed by soil water potential in the area of one of the sensors placed at a depth of 10 cm. The value expressing nearly the total inaccessibility of water to plants could be caused by placing the sensor under the crown of a silver fir, which could result in minimum throughfall. The potential found at the same depth in the second sensor exhibited more favourable values (about -0.18 MPa). The increasing trend of aggravated availability of soil water (caused both by evaporation and increased consumption of trees in the period of growth) was already noticed at the end of June being always interrupted by fallen precipitation. In the period 24 June to 17 July, 16 days were without precipitation. In total, the precipitation amounted to 22.7 mm. On 17 July, 25.3 mm precipitation fell which was sufficient for the replenishment of soil water. From mid-July, Ψ soil values did not exceed a limit of 0.15 MPa. The course of soil water potential values in the segment below beech trees was more balanced against silver fir (Fig. 2) in the period on the turn of June and July. Increase in Ψ soil occurred more slowly than below silver fir, the highest value of Ψ soil 0.69 MPa being recorded on 17 July at a depth of 10 cm below the soil surface. At the same time, about 1.5 hour delay is evident in the decrease of soil water potential from a maximum to a minimum value (e.g. on 17 July). The differences in the course of Ψ soil can be explained by the different position of beech branches. Water intercepted by the crown and led by oblique branches flows along the stem to the tree foot into the soil. Thus, higher amounts of water can reach the soil under beech as compared with silver fir (of course in dependence on the intensity and duration of precipitation). Although 3 sensors signalized good availability of soil water in August and September, the values in one sensor at a depth of 10 cm were found to indicate the worsened availability of soil water from mid-August (Ψ soil value, however, did not exceed the level of 0.4 MPa).
Increment of silver fir
Radial increment of silver fir at b.h. (Fig. 3) began nearly in all diameter classes in the first week of May. The total duration of growth in all diameter classes was 19 to 20 weeks. All silver fir trees completed their increment by the end of September. In the lowest diameter classes, the majority of annual increment was created by the end of July (70-90%). In August and September, trees in the class grew up minimally with respect to the total increment per year. The highest increment (as much as 42% of the total annual increment) was noticed in all diameter classes of silver fir in May (Table 1 ). The absolute magnitude of the average increment in diameter classes is markedly dependent on the diameter of studied trees. For example, fir trees in a diameter class of 22 cm grew up only by 0.13 cm on average over the whole growing season 2001, trees in diameter classes 10 and 14 cm even less (Fig. 3b) . The largest trees (classes 46 and 50 cm) increased gradually their diameter by as much as 0.82 cm per year. The percentage expression of the values of dynamics of increment in relation to the total amount of increment (Fig. 3c) indicates synchronization among trees in all diameter classes in particular weeks of the growing season. Differences in the average curves of silver fir range between diameter classes in an interval of max. 20% in the same week. Between particular trees, much greater differences were found. Observations from a week until 30 May can serve as an example. Some trees created about 50% of their total annual increment while other trees only 20%.
The development of actual sample trees of silver fir from selected diameter classes is depicted in Fig. 4 . The smallest fir trees grew up mainly at the beginning of the growing season in May. Fir in diameter classes 30 and 50 cm created about 80% increment by the end of July. In August and September, even 20-25% of the total seasonal increment were recorded. Fir trees reached maximum of their increment in all three selected diameter classes in May (as much as 50% of the total annual increment). At first, growth curves of silver fir rapidly increased, however, from June the growth was gradually retarded. The most rapid beginning of growth was observed in sample tree No. 36 in a diameter class of 30 cm, which grew up by 0.08 cm in the second week of May thus creating 20% of its total annual increment. In a diameter class of 30 cm which includes also this tree it is possible to observe even the second period of an increased increment from mid-August to mid-September. In a diameter class of 50 cm, growth curves of both sample trees showed the same course by the end of May. From the beginning of June, however, increment of the two trees began to differentiate. While sample tree No. 126 increased gradually its diameter (by the end of the year by about 0.5 cm), silver fir No. 133 with the decreasing magnitude of current increment increased its diameter only by 0.1 cm by the end of the growing season. Retardation of the increment of fir No. 133 can be explained by its position in the closed part of the stand and thus also by higher competition of neighbouring trees while tree No. 126 is in an open position without marked competitors. Trends of current increments (increase -decrease) of sample trees of fir are nearly identical in particular weeks. In the course of the growing season, diameter increment was completely stopped three times in the majority of selected firs in the middle of summer (weeks till 27/6, 11/7 and 1/8) obviously owing to decreased availability of soil water. Then, all fir trees always restored their growth.
The cessation of fir tree increment is also evident from Fig. 5 , which depicts the relationship between the current increment of all trees and stem diameter in the selected weeks of the growing season 2001. In the last week of June (a week till 27/6), an increment was recorded only in trees of d.b.h. > 30 cm. Trees < 30 cm did not grow up at all in this week with the exception of fir No. 53, which increased its diameter by 0.02 cm in this week. Decrease in the magnitude of the increment was also recorded in beech in this week but the absolute cessation of growth occurred in two trees only (d.b.h. 32.6 and 49.8 cm) . In the course of the whole growing season 2001, higher increment in beech than in silver fir was found in the majority of sample trees of comparable diameters. At the beginning of the season (Fig. 5 -16 . 5.), large-diameter fir trees grew up more than beech trees of the same diameter. The last marked increment was noticed in a week till 5/9 being comparable in both species of all diameter classes.
A relationship between the magnitude of the total annual increment and diameter of all studied fir and beech trees is depicted in Fig. 6 . The total magnitude of diameter increment is markedly dependent on the diameter of trees in both species and thus also on the social position of particular trees in the stand.
Fir trees in the diameter class of 14 cm reached the lowest nearly negligible values, viz. 0.08 cm only while some trees did not grow up at all. An increase in basal area of the trees was logically also inexpressive (max. 1.84 cm 
Increment of European beech
The beginning of diameter increment in beech (Fig. 3d) was noticed in the second week of May, i.e. roughly one week later than in silver fir. The growth continued 19 weeks being finished in mid-September. The increment maximum of beech sample trees was concentrated on June and July while in large-diameter trees, there was an evident shift of maximum values to July (Table 1) . Growth curves of beech (Fig. 3e ) in all diameter classes are less steep at first as compared with those in silver fir, however, from June its growth gradually accelerated. In small-diameter classes, a more intensive start of increment was noticed and, at the same time, also earlier cessation of growth than in trees of larger diameters.
Based on the percentage expression of values of beech increment in relation to the total magnitude of the incre- Fig. 3 . Mean current (a, d) and cumulative (b, e) diameter increment of silver fir and beech in particular diameter classes and its relative expression in % (c, f) of the total annual increment ment in particular weeks (Fig. 3f) it is evident that there is a better synchronization of growth dynamics of all diameter classes as compared with silver fir. Among particular trees, similarly like in silver fir, there are individual differences even in this per cent expression of increment dynamics in relation to the total magnitude of the increment. As an example of the difference, an increment in the last week of May can be given. By the end of May, 10 to 30% of the total annual increment were created in the majority of particular beech trees. For example, beech No. 111 is an exception (diameter class 34 cm) because already 42% of the annual increment were created in the tree within the period. Another extreme was recorded in beech No. 40, diameter class 42 cm, which created only 4% of its total annual increment in the same period.
As for selected trees in a diameter class of 14 cm (Fig. 4) , beech trees No. 105 and 101 grew up most in June 43 and 35% of annual increment, respectively), beech No. 91 in July (35%). In September, increments from the aspect of total increment were already insignificant in the diameter class. The largest beech trees (diameter class 50 cm) show their growth curve more flatter thanks to the shift in increment culmination to July. As for this diameter class, the most intensive start in growth was shown . Current weekly increments of beech showed the same trend in the majority of cases although exceptions occurred when some trees responded by decreased increment whereas other beech trees increased their increment. Within the growing season 2001, a marked decrease in current weekly increment was noticed in beech and in some sample trees, the diameter increment was quite stopped in some weeks. The increment decrease is most marked in beech in all diameter classes in a week between 4. 7. and 11. 7. Decrease in beech diameter is of interest in a diameter class of 50 cm at the beginning of leaf unfolding.
The absolutely highest increment of beech (0.86 cm) was recorded in a tree of a diameter class of 46 cm (Fig. 6) ) was, however, up to 4-times higher than that in trees of small-diameter classes thanks to their diameter.
Correlation between the diameter increment of fir and beech and climatic factors
To determine the rate of dependence between the magnitude of the increment and climatic factors in particular weeks of the growing season 2001 their correlation was carried out. The results of correlation analysis of current weekly diameter increments of all trees and climatic factors (precipitation total and mean temperatures) of the Fig. 5 . Relationships between the diameter increment of silver and beech and diameter of trees in weeks until 16. 5. (a, d), 27. 6. (b, e) and 5. 9. 2001 (c, f) given week are depicted in Fig. 7 . In the diagrams, relationships are expressed between the magnitude of correlation coefficients of particular trees and their diameter.
In the growing season 2001, precipitation and temperatures showed mainly positive effects on diameter increment. The dependence of the increment of particular fir trees (49) and beech trees (42) on the selected climatic factors expressed by pair correlation coefficients ranges from -0.4 to + 0.75. The determined generally low values of correlation coefficients can be caused by intercorrelations of independent variables. Nevertheless, in Fig. 7a-d it is possible to see an increasing positive dependence of the magnitude of the weekly increment of fir and beech on air temperature with an increasing tree diameter. In beech (Fig. 7d) , higher dependence of increment on temperature was found compared to silver fir (Fig. 7b) , which is also documented by the number of statistically significant correlations (31 in beech against 5 in fir). In 7 fir trees < 22 cm d.b.h. and in 1 fir of 51 cm d.b.h., a negative effect of temperature on increment was found. The effect of precipitation totals on the weekly diameter increment of fir trees decreased with the increasing diameter of sample trees (Fig. 7a) while the level of the dependence of beech increment (Fig. 7c) did not nearly change with the increasing diameter of sample trees (correlation coefficients ranged about 0.2). Within the selected set of trees a lower level of increment dependence on precipitation was determined, which is also documented by the number of statistically signification correlations (9 in fir as against 1 in beech). Statistically significant effect of precipitation totals on diameter increment was found in fir trees < 25 cm d.b.h.
Generally, it is possible to conclude that the increment of large-diameter beech trees (i.e. dominant trees) correlated with precipitation and temperatures to a greater extent than the increment of small-diameter trees (subdominant trees). Large-diameter fir trees correlated more with temperatures and less with precipitation as compared with trees of a smaller diameter. At the same time, it is necessary to emphasize that a different level of correlation of diameter increment with weekly values of precipitation and temperatures was found in trees of nearly the same diameter. Main causes of the differences in the response of tree increment to climatic factors can be considered to be intercompetition, health conditions, social position, dimensions of assimilatory apparatus and genetic preconditions of particular trees.
CONCLUSIONS
In the course of the growing season 2001, monitoring of diameter increments of selected sample trees of silver fir and beech was carried out in a mixed stand by means of mechanical girth dendrometers EMS. Within the selected set of trees, it is possible to see individual differences both in the dynamics of increment and in its total magnitude. The differences are evident not only between the species but also within a species in the same diameter class. In silver fir and beech there are trees that can be ranked into quite different diameter classes on the basis of the course of their growth and total increment.
Fir trees reached a maximum of increment in all diameter classes in May (as much as 50% of the total annual increment). The culmination of beech increment is shifted to June and July while the shift is more marked with the increasing diameter of sample trees. In a majority of the studied trees (fir and beech), current weekly increments showed the same trend although periods occurred when some trees responded by decreasing their increment even within a diameter class whereas other trees increased their increment within the same period. The effect of diameter on the tree growth is obviously overlaid in some cases by more intensive competition or by other effects of the environment. Different genetic conditions of particular trees and their health state probably play an important role.
Individual increment response of trees in particular weeks was also demonstrated by correlations between the magnitude of increment and precipitation and temperatures. The higher level of increment dependence on temperature with the increasing diameter of sample trees was found in silver fir and beech. The increment of largediameter fir trees correlated with precipitation less than the increment of small-diameter firs whereas the level of the dependence of the increment of beech trees did not almost change with diameter.
It is not possible to deduce final conclusions on the growth response of selected trees on the basis of the observations of radial increment in the course of the growing season. However, even these preliminary results can contribute to elucidate individual responses of forest trees to external factors. On the ground of better prediction ability it is necessary to monitor the growth dynamics of diameter increment in more successive growing seasons. Only then will it be possible to deduce the proportion of main external (socioecological position, density, throughfall, soil moisture) and internal factors in the formation of annual rings in particular years.
The study of diameter increment by a non-destructive method through mechanical dendrometers makes it possible to record changes in growth in weekly intervals. Shorter intervals of reading in the procedure in the case of a higher number of installed dendrometers are considerably time-consuming. Another possibility of detailed monitoring of the increment dynamics is the use of electronic devices with the automatic registration of diameter changes. The results of detailed measurements can be used for the study of changes in tree diameter in connection with external climatic factors even within the time horizon of particular days.
Sledování tloušťkového přírůstu nedestruktivní cestou prostřednictvím mechanických dendrometrů umožňuje podchycení změn růstu v řádově týdenních intervalech. Kratší interval odečítání je při tomto postupu v případě vyššího počtu instalovaných dendrometrů časově značně náročný. Další možností detailního pozorování dynamiky
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